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Chemicals and reagents were obtained from the following sources: Fetal bovine serum (FBS) from Trace Scientific Ltd (Melbourne, Australia), Eagle's minimal essential medium (MEM) from Gibco (Grand Island, NY), arbutin (4-hydroxyphenyl b-D-glucopyranoside) from Tokyo Kasei Kogyo Co., Ltd. (Tokyo), TPA from ChemSyn Laboratories (Lenexa, KS), thiazolyl blue tetrazolium bromide (MTT), indomethacin, and (all-trans)-retinoic acid from Sigma Chemical Co. (St. Louis, MO), and the EBV cell culture reagents and n-butanoic acid from Nacalai Tesque, Inc. (Kyoto).
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The seeds (2.05 kg) of A. indica, separated manually from the dried fruits, were pulverized and were extracted with n-hexane (2 L) under reflux (3 h) three times which gave an n-hexane extract (280 g). The defatted residue was then extracted with MeOH (2 L) at room temp (3 d) three times. The MeOH extract (255 g) was mixed with H 2 O and extracted with CHCl 3 which afforded a CHCl 3 -soluble fraction (73 g). Column chromatography on silica gel (750 g) of the CHCl 3 fraction (72 g), eluted with solvents of increasing polarity (n-hexane-ethyl acetate (EtOAc), 9:1 0:1), afforded 10 fractions, A-J, listed in increasing order of polarity. Fraction E (4.58 g) was passed through silica gel with nhexane-EtOAc (3:2) and ODS with MeOH-H 2 O (2:3 1:0), and the fractions obtained were purified by preparative HPLC (HPLC system IV) to yield compounds 3 (1.7 mg), 6 (1051 mg), 7 (4.6 mg), 10 (10.1 mg), 13 (2.2 mg), 14 (2.7 mg), 17 (11.7 mg), 18 (2.3 mg), and 19 (4.0 mg). Fraction F (3421 mg), on passing through silica gel with n-hexane-EtOAc (4:1 0:1), gave purified fraction F (1501 mg). Preparative HPLC (HPLC system I) of a portion (390 mg) of this fraction afforded compounds 4 (6.9 mg), 8 (3.8 mg), 9 (5.2 mg), and 20 (7.8 mg) . A portion (3051 mg) of fraction G (4442 mg) was chromatographed on silica gel with n-hexane-EtOAc (7:3 0:1) to give 12 fractions, G1-G12. Subfractions G2 (283 mg), G3 (798 mg), G4 (419 mg), G6 (144 mg), and G7 (67 mg) were subjected to preparative HPLC (HPLC systems II, III, and IV) to afford compounds 1 (202.8 mg), 2 (7.9 mg), 4 (69.5 mg), 5 (1.8 mg), 8 (29.9 mg), 9 (14.7 mg), 12 (8.0 mg), 15 (1.6 mg), 20 (26.2 mg), 26 (41.4 mg), 27 (6.0 mg), 29 (1.2 mg) and 30 (1.9 mg), 31 (2.3 mg), and 32 (3.1 mg). Fraction I (2251 mg) was passed through silica gel with n-hexane-EtOAc (2:3 0:1) and preparative HPLC (HPLC systems V and VI) of the fractions obtained gave compounds 11 (5.9 mg), 15 (0.7 mg), 21 (20.0 mg), 22 (3.7 mg), 23 (7.9 mg), 24 (2.9 mg), 25 (2.2 mg), and 28 (5.3 mg).
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Identification of the following 23 compounds was performed by 1 H NMR and MS comparison with the corresponding compounds in the literature: 1 6) 24) was undertaken based on the NMR and mass spectral analysis because their spectral data were unavailable in the literature. Although compound 10 has previously been known as a synthetic compound 9) , its isolation from a natural source seems to be the first instance in this study. 
6
B16 murine melanoma cells purchased from Riken Cell Bank (Tsukuba, Japan) were cultured in MEM supplemented with 5% FBS, 100 units/mL penicillin, and 100 mg/mL streptomycin at 37 in a humidified CO 2 controlled (5%) incubator.
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Cell proliferation was assessed using the MTT based colorimetric assay. After 72 h incubation with test compounds, MTT (100 mL, 5 mg/mL in phosphate-buffered saline) solution was added to the wells. After 3 h of incubation, the medium was removed, and 2-propanol containing 0.04 M HCl was added to dissolve the formazan produced in the cells. The absorbance of each well was then read at 570 nm (reference, 620 nm) by using microplate reader (Labsystem Multiskan MS-UV). The optical density of formazan formed by control cells was used as a reference (assumed to be 100%).
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Test samples dissolved in dimethylsulfoxide (DMSO) were added to the cell culture at final concentration of 25 mg/mL. B16 cells, plated at 2 10 5 cells in a culture dish (60 mm i.d.), were pre-incubated for 24 h. After then, the medium was transferred into 5 mL of fresh medium containing the test sample and cultured for 3 d. The cells were harvested by trypsinization. The samples were dissolved in 1mL of 1 M NaOH containing 10% DMSO, and the amount of melanin was determined spectrophotometrically by absorbance at 420 nm using microplate reader. The optical density of control cells was assumed to be 100%.
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For the protocol for this in vivo assay, refer to previous article 25) .
10 In vitro
For the protocol for this in vitro assay, refer to previous article 25) .
11 In vivo
For the protocol for this in vivo assay, refer to previous articles 26, 27) .
RESULTS AND DISCUSSION
Twenty-eight limonoids, including 15 azadirone-type (1) 6,28) , except for the absence of a methine signal due to H-15, suggesting that 3 was a C-15 hydroxyl derivative of 1. This was supported by the significant down-field shift of a-carbon (C- 7) , except for the absence of a methine signal arising from H-17, which suggested that 5 was a 17-hydroxyl derivative of 2. Thus, the structure of 5 was 7a-benzoyloxy-21,23-epoxy-17b-hydroxy-24,25,26,27-tetranorapotirucalla-1,14,20,22-tetraene-3,16-dione (7-benzoyl-17-hydroxynimbocinol) which was supported from the analysis of 1 C-1) , 125.4 (C-2), and 204.5 (C-3)] 6) , suggesting that 12 possesses the tetracyclic skeleton and substituents identical to those of azadirone (7a-acetoxy-21,23-epoxy-24,25,26,27-tetranorapotirucalla-1,14,20,22-tetraen-3-one) 9) . The IR spectrum of 12 further showed absorption band at
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v max 1745 cm -1 for a,b-unsaturated g-lactone 10) . This suggested the presence of the g-lactone group attached to C-17 in 12 which was supported by the 13 ) and molecular modeling 30) supported the relative configuration of 12.
The molecular formula of 13 was determined to be , m/z 471.3100). The IR spectrum showed absorption bands for ester carbonyl, conjugated cyclohexenone, and trisubstituted double bond groups. The 13 C ( ) and 1 H NMR spectra ( ) exhibited the presence of 5 tertirary methyls, one acetate methyl, one oxymethine, and the ring-A 1-en-3-one system. These suggested that compound 13 possesses the tetracyclic skeleton and substituents identical to those of compound 12. The side-chain of 13 was indicated to formulate an acetal structure 31) 
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of the acetal side-chain moiety was established by NOESY spectral analysis ( ) and molecular modeling 30) . The NOESY spectrum of 13 exhibited significant NOE correlations between [H-18 (13a-Me)-H-16a; H-18-H-20-H21a(pro-S); and H-20-H-22a(pro-R)] on the a-face of the molecule, and [H-16b-H-17-H-21b(pro-R)-H-22b(pro-S)-H-23] on the b-face of the molecule which suggested that the side-chain at C-17 is a-oriented with 17S-and 20S-chirarities and S-chirality at C-23 by orienting the methoxyl group down from the acetal ring plane on the global minimum energy conformation of 13 30) . These NOE correlations were confirmed by one-dimensional difference NOE experiment. Hence, the structure of 13 was elucidated as (20S,23S) 
between [H-18 (13a-Me)-H-16a-H-20-H-21a(pro-S) and H-22a(pro-R)-H-23] on the a-face of the molecule, and [H-16b-H-17-H21b(pro-R)-H-22b(pro-S)
] on the b-face of the molecule suggesting that the side-chain at C-17 is a-oriented with 17S-and 20S-chirarities while R-chirarity at C-23 by orienting the methoxyl group up from the acetal ring plane on the global minimum energy conformation of 14 30) . These NOE correlations were confirmed by one-dimensional difference NOE experiment. Thus, compound 14 was the stereoisomer at C-23 of compound 13, and possesses the structure (20S,23R)-7a-acetoxy-21,23-epoxy-23-methoxy-24,25,26,27-tetranorapotirucalla-1,14-dien-3-one (23-epilimocin E).
Compound 32 was assigned the molecular formula (Table 1) and 1 H NMR spectra ( ) exhibited the presence of 4 tertiary methyls, one acetate methyl, one vinyl methyl, one carboxyl, one oxymethine, one tetrasubstituted double bond, and the ring-A 1-en-3-one system. The above evidence, coupled with a NMR comparison with compound 1 6, 28) , and analysis of 1 H-1 H COSY, HMQC, HMBC, and NOESY ( ) spectra, confirmed that 32 was a diterpene acid possessing an isocopalane-type skeleton, i.e., 7a-acetoxy-3-oxoisocopala-1,13-dien-15-oic acid. This diterpene is corresponded to a ring-D cleavage product of azadirone-and azadiradione-type limonoids.
All of the 32 compounds isolated from A. indica seeds were evaluated for their melanogenesis inhibitory activity.
By addition of these compounds at the concentration of 25 mg/mL to an incubation medium of the B16 melanoma cell, all of the compounds, except for 16 and 21, inhibited the melanogenesis with the melanin content 2.9-66.9% ( ). These were more inhibitive than a reference arbutin (melanin content 76.4%) which has been recognized as a useful depigmentation compound for skin whitening in the cosmetic industry 32) . Although most of the inhibitory activity of these compounds is thought to be due to their cytotoxic action since they reduced significantly cell viability (1.1-73.1% of cell viability at 25 mg/mL), 5 compounds, including one gedunin-type (20) and 2 nimbin-type (26 and 27) limonoids, and 2 degraded limonoids (enneanortriterpenoids) (29 and 31), showed remarkable inhibition of melanogenesis (melanin content 9.5-26.0% at 25 mg/mL) with no or almost no toxicity to the cells because cell viabilities were 85.8-108.1%.
Seven compounds, 1, 6, 9, 10, 18, 20, and 21, were evaluated with respect to their anti-inflammatory activity against TPA-induced inflammation in mice, and the inhibitory effects were compared with that of a commercially available anti-inflammatory drug, indomethacin. As shown in , all of the compounds, except for compound 26, exhibited marked anti-inflammatory activity with a 50% inhibitory dose (ID 50 ) of 0.09-0.26 mg/ear, which being more inhibitory than indomethacin (ID 50 = 0.30 mg/ear).
The inhibitory effect on EBV-EA activation induced by TPA was further examined as a preliminary evaluation of the potential anti-tumor-promoting effects 33) for all of the 32 compounds. The results are shown in , together with comparable data for retinoic acid (one of the retinoids that has been shown to have chemopreventive activity for a number of tumors 34) .). All compounds tested allowed high viability (60-70%) of Raji cells even at 32 nmol (mol ratio of compound to TPA = 1000:1), indicating their low cytotoxicity to the cells at this high concentration. Each compound tested showed an inhibitory effect, with an IC 50 value (concentration of 50% inhibition with respect to positive control) of 230-501 mol ratio/32 pmol TPA. As such, these compounds were more potent than or almost equipotent to the reference retinoic acid (482 mol ratio/32 pmol TPA). Of the compounds tested, compounds 6, 10, 21-25, 29, and 31 (318-398 mol ratio/32 pmol TPA), and especially an isocopalane-type diterpenoid, 32 (230 mol ratio/32 pmol TPA), exhibited more potent inhibitory effects than the others. Since the inhibitory effects on EBV-EA induction have been demonstrated to correlate with those against tumor promotion in vivo 33) , these compounds may be considered potential anti-tumor-promoters.
Subsequently, we evaluated the inhibitory effect of compound 21 in a tumor model in mouse skin. The incidence (%) of papilloma-bearing mice and the average numbers of papillomas per mouse in a two-stage carcinogenesis test in mouse skin using peroxynitrite (ONOO-; PN) as an initiator and TPA as a promoter are presented in and , respectively. In the positive control group, the first papilloma appeared after 7 weeks, and the incidence of the papilloma bearing mice was 100% after 14 weeks ( ). Oral administration of 21 exhibited a significant inhibitory effect in the PN-induced and TPA-promoted experiment in mice. When 21 (780 nmol) in drinking water was administered, from one week before to one week after the initiation treatment, whereas the first papilloma appeared after 9 weeks, the incidence of the papilloma bearing mice was 87% even after 20 weeks of promotion. In the average number of papillomas per mouse ( ), 21 reduced the number of papillomas compared to the control group. Whereas ca. 7 papillomas per mouse were observed after 20 weeks of promotion in group I, only ca. 4 papillomas were observed after the same period of promotion in group II. From these results, 21 appears effective for the inhibition of PN-initiated carcinogenesis on mouse skin. PN (ONOO-), which is produced by the reaction of NO with superoxide, is a potent tumor-initiating agent 35) , as well as an oxidant, and nitrating and hydroxylating agent. Compound 21 might be suggested to intercept, and neutralize, potent chemical carcinogens, such as reactive oxygen species (ROS; superoxide, and peroxy and hydroxyl radicals) and NO donors.
Our data suggest that some of the nortriterpenoid (limonoid) and diterpenoid constituents of A. indica seeds are useful as skin whitening agents, anti-inflammatory agents, and cancer chemopreventive agents. . At 20 weeks of promotion, the number of papillomas per mouse differed significantly (P < 0.01, using Student's t-test) between groups I and II. The number of papillomas per mouse for each group was 6.8 (SD = 1.6) and 3.7 (SD = 1.4) for groups I and II, respectively.
